Structural and biochemical study of effector molecule recognition by the E.coli glyoxylate and allantoin utilization regulatory protein AllR.
The interaction of Escherichia coli AllR regulator with operator DNA is disrupted by the effector molecule glyoxylate. This is a general, yet uncharacterized regulatory mechanism for the large IclR family of transcriptional regulators to which AllR belongs. The crystal structures of the C-terminal effector-binding domain of AllR regulator and its complex with glyoxylate were determined at 1.7 and 1.8 A, respectively. Residues involved in glyoxylate binding were explored in vitro and in vivo. Altering the residues Cys217, Ser234 and Ser236 resulted in glyoxylate-independent repression by AllR. Sequence analysis revealed low conservation of amino acid residues participating in effector binding among IclR regulators, which reflects potential chemical diversity of effector molecules, recognized by members of this family. Comparing the AllR structure to that of Thermotoga maritima TM0065, the other representative of the IclR family that has been structurally characterized, indicates that both proteins assume similar quaternary structures as a dimer of dimers. Mutations in the tetramerization region, which in AllR involve the Cys135-Cys142 region, resulted in dissociation of AllR tetramer to dimers in vitro and were functionally inactive in vivo. Glyoxylate does not appear to function through the inhibition of tetramerization. Using sedimentation velocity, glyoxylate was shown to conformationally change the AllR tetramer as well as monomer and dimer resulting in altered outline of AllR molecules.